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Abitrrct

The purpose of this study was to evaluate
visitation trends at Grand Canyon National
Park as well as the efficacy of a number of
statistical techniques used in forecasting.
Visitation data at Grand Canyon National
Park were analyzed using time series analysis
techniques. Several types of regression models
including linear, exponential, polynomial, and
transition functions were employed along
with exponentid smoothing and Auto-
Iqilessive Integrated Moving Averagng
(ARIMA). ProFctions of visitation $rere made
from 1993 to the year 2005, a 13 year lead tirne.
Results were compared with existing proi€r-
tions based on nurrket analysis.

The most reliable yearly visitation fore-
casts were those derived using Holfs method
of exponential smoothing. Resulb are compa-
rable to those derived from market analysis,
but, unlike the latter mone sophisticabd

method, visitation cannot be broken down
into categorie such as foreign vs. domestic.
Approximately 6 million people are expected
to visit Grand Canyon National Park by the
year 20(b. Visitation at the North Rim, which
here includes the North Rim proper, Tuw€p,
L^ees Fe1qy, and Grand Wash, is predicbd to
be 740p00. Seasonal analysis revealed that a
pattern of seasonal suruner spikes and winter
tnoughs of visitation have been the rule for at
least a decade; this is expected to continue.
There was no evidence of increasing rclative
importance of "shoulder seasons" as sources
of visitation, In instances where market
analysis is not feasible due to costs and lack of
visitor-use surveys, time series analysis, if
used with prccaution, can be a valuable tool
for projerting potential visi tation.

Management recommendations are
presented based on the results of this study.

lnhocfucffon

Grand Canyon National Park (GRCA) was
established in 1919. Since then, the numbers of
park visitors have increased from U,173 during
the establishment year to over 4P47 927 n1992
(f. Slpher, GRCA, personal communication).
GRCA as well as many other National Park
Service NPS) units, 

"pp""rs 
to be receiving

ever increasing numbers of visitors with each
passing year. In sonre cases, the "carrying
capacity" of the park unit, either in part or in
whole, is being overwhelmed. The situations
in Yosemite Valley of Yosemite National Park
and the South Rim of the Grand Canyon ane

prime examples of the challenges b park .

planners and managers of increasing visitor
pressure and its effect on park infrastmcture
as well as natural and cultural resources
(National Park Service 1980; Ceneral Manage-
ment Plan-€rand C.-anyon National Park, in
preparation).

Park managers must deal with future
visitation trendl, whether increasing or de-
creasing. The limited NPS budget, as well as
staff, must be allocated accordi.g to both local
and regional needs. Management decisioru
may have to be made on limiting visitation at or
below some defined carqfing @pacity. Such a

capacity rnay be based on the limitations of

physical space or infrastructure, resource
impacts, €.8., levels of acceptable change
(Sar*ey et d. 1985), data from shrdies revealing
visibr pffi€ptioru of crowdin& or a combina-
tion of ttree. AccuraE forecasts of fuhrre park
visitation will be helpful in formulating managF
ment decisions regardlng boft the allocation of
r€sources and rqulation of visitor use.

Gallipeau (1992) has produced a visitation
forecast for the Grand C^anyon based on a
marketing analysis. Maki.g the tacit assump
tion that visitation will begin to level off after
ttre year 2000, Galipeau (1992) predicts that by
the year 2010, GRCA will experience approxi-
mately 5.8 million visibrs. Approximably
38% of these would be foreign. However, he
did not employ time series analyses (such as
ARIMA) on exponential smoothing (Box and
Ienkin s 7977). Furthermore, forecasts were
based on a logistic model based on World
Tourism Organization Forecasb, a visitor use
study performed at GRCA (Albrecht l99lr,
and other marketing information such as

proiected foreign and domestic market shares.
Unfortunately, the resources required to

produce reliable, market-analysis based
forecasts are not always available due to fiscal
corcbainb or lack of visitor-use and behavioral
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data. This could be a partiarlar problem for
small parks. Forecasting by means of time
series analysis should be done with caution (as

descriH below). In sotrte instances where an
intensive market analyses is not available, the
more straightforward approach of investigat-
ing past trends may be a viable alternative.

Forecasting, by no means a straight-
forward exercise, is one of the more precari-
ous t1ryes of statistical inference because it
attempts to predict a value oubide the region
of the sampled data (McClave and Benson
1988). Zar (1984) warns against unwarranted
extrapolation using regression equations
unless there is good reason to believe that the
descriH function holds for x-values outside
the range of those observed, and then only
with caution. Wilkinson (1990) adds that
forecasting methods and resulb must be
balanced and tempered by exbiruic knowl-
dgu, careful examination of residuals, and
limited extrapolation beyond the ends of the

data, In general, tine series forecasti.g should
be confined to the short term. As forecasts are
made further into the future, the less certain
the accuracy of the forecast. Confidence
intervals around the estimate get increasingly
broader as the limib of the data are progres-
sively exceeded. Finally, only inferential
forecasting npdels, such as those based on
regression, calorlate explicit random error
components. This allows confidence intervals
to be placed around the predictions before the
actual value of the time series is observed
(McCIdve and Benson 1988).

This technical rcport has several obpctives:
o Give a brief history of visitation trends at
GRCA;
o Compare a number of methods of time
series analyses to forecast future visitor
numbers based on previous visitation bends;
o Compare the results of time series analyses
with forecasts produced by Gallipeau (1992)

based on rnrket-analysis.

Methocfs

Visitation data collected over a period of
73 years came from GRCA files. The park's
total visitation data set is the most complete
and includes the years 1919 through 1992.
Separate North and South Rim data sets are
available for the years 1955 through 1992. In
the data s€t, North Rim figures also include
visitation at lees Ferry, Tuweep Ranger
Station, and Grand lVish. Specific fifrrres (for
only the North Rim of GRCA) were not
available. Monthly breakdowns are available
begrnning in 1980 and continuing through the
prffint time. One of the caveats included with
these data was that total park visitation does
not always agree with figures derived by
adding the North Rim plus the South Rim in
any particular year. However, the few discrep
ancies are very minor and should not affect
overall predictions.

A major potential source of error in the
data set is due to the parKs changing the
method of estimating visitor numbers. Daily
visitation had always been assmsed by counting
cius and multiplyrt g by a value based on the
average number of visitors per car derived
from occasional surveys. This has been the
case at least as far back as the early 1940s $.
Sypher, GRCA, personal corununication).

Multipliers have changed peridically as the
park conducted assessments of the average
number of visitors per vehicle. Immediately
prior to 1991, the multiplier used was 3.4
visitors per car. In 1991, motivated by what
seerd to be an overestimation of visitation,
the park conducted a systematic survey
which revealed that the multiplier varied
from 2.2 - 3.4 persons per vehide depending
on the season. Higher values occurred during
the surnmer. Visitation estimates for f991 and
l992arre based on a rtore flexible assessment
taking into account the seasonal variation
in the multiplier. Therefore, park visitation
estimates prior to 1991 may be inflated 0.
S1ryher, GRCA, personal communication).

Several methods of forecasting for the
GRCA visitation data set were employed.
Data broken down by months between 1980
and 1992 were analyzed both by Winter's
seasonal rnodification of the exponential
smoothing method (Mcclave and Benson
1988) and by Autoregressive Integrated
Moving Averagrng (ARJMA) developed by
Box and lenkins $977). Yearly totat visitation
for the park as a whole as well as separate
counts for the North Rim were analyzud by
means of Holfs method of exPonential
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srmothi.g and simple regression (linear and
second order polyromial regression) with
both untransformed and Log transformed
visitation data. Srnoothiag co€fficients for the
level (a) for both the Holfs arr.d Winte/s
rnethods wene set high, at 0.9, to sGs the nrost
rccent part of the tirne series in tlre calctrlations.
Other weighting coefficienb (i.e., for snroothing
tlre etimate of dre linear herd IFI am multipli-
cative seasonality lfD were varied by Eiat ald
error until the lowest nrcan error, within serie
standard errcr or rnean absoluF pocentage
error, deperding upon the method, was
achieved. Statistical analysis was performed

using SYSTAT 5.03 to obtain Holfs exponen-
tial smoothing (Wilkinson 1 990). Statgraphics
4.0 (Statistical Graphics C-orporation 1988) was
used to perfonn regression analysis, Winter's
model for seasonal exponential smoothi.&
and ARIMA since ib output is more straight-
forward than SYSTAT"s for these particular
tests. TableCune (Iandel ScientificlDl) was
employed b fit daa to several baruition eqga-
tions 0ogistic, signmid, C'aussian ctrmulati ve) .

Explicit formulae ard sarnple calctrlatioru can be
found in Nebrard Wasserman(1974), McCIave
and Benson (1988), Willdnson (1990), arxl landet
Scientific (1992r.

Resdtsmd Dbcrsslon

Totcil Vrihillon
Visitation at GRCA has been increasing

almost steadily and Epnotonically in a
curvilinear fashion since l9l9 (Figure 1). The
depression era shows up as a minor dip in the
sectrlar trend. The first mairr disruption
occurred between 1941 and lg46,coinciding

with World War II. Albert Richmond, a

historian at Northern Arizona University,
rcvealed that due to gasoline rationing at that
time, the park was almost deserd of visitors
except for U.S. Army personnel. This was
because the Lt.S. Army had established a
formal R&R camp at the park (NPS 1945).

7000000

6000000
o Visitation

95o/" Conf idence Intervals

visits = 2.9758E9 - g.Og72E6'Year + 805.89'Year2

R2 = 0.962075000000

cO 4oooooo
a-jt
(U
.=
,9 soooooo

2000000

1000000

0
i91s t9a0t92s t9g0iggs 1940 194519s0 i95s 19601965 19701975 1980198s1990 199520m2005

Year

Ftgure 1, Gnnil Canyon National Park,lstal visitation sine 7979 with forccasts to 2N5. Polynomial rqression

flt.
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park (NPS 1945).The Santa Fe Railway
cancelled passenger train ttips from Williams
to the Grand Canyon during the war years
(Richmond 1989). Both the depression era and
WW II dips are more pronounced in the t^og.
transformed data (Figure 2). The next malor
disruption coincides with the 1973 Arab oil
embargo when visitation dipped from almost
2.8 million to Zmillion. There was a quick
recovery to just over 3 million visitors fol-
lowed by an unexplained dtop to 2.3 million
by 1979 and ending at iust under 2.5 million in
lg8/'. This could perhaps be explained by the
recession in the tI.S. economy during the late
Carter administration and the first years of the
Reagan presidency. The curent rising trend
dates from 1985.

Using regression analysis, a second order
polynomial (Table 1) was revealed as one of the
two best fit curves to these data R2 = 0.9621.
Forecasting 13 years into the fuhrre to 2005
reveals that estimated visitation (Y-estzms)

would approach 5.7 million with 95% confi-
dence intervals of about 5.4 and 6.0 million,
respectively (Table 2, Figure 1). Of course, this
assumes that all relevant existing social and

economic conditions remain unchangd.
Transforming the Y data by taking the Log" of
the visitation diminishes R'and the closeness
of fit Gigures 1 and 2). This exponential model
provides the most liberal estimaE of Ysst^oos,
over 13 million visibrs by 2005. The linear
model is the most conservative at Y-estzms =
4.1 million but is unrealistic in view of the
overall shape of the visitation curve. Grand
Canyon had already surpassed 4.5 million
visitors by 1992. Along with the second order
polynomial, a "sigmoid-curve" like comple-
mentary error function model produced the
best fit Figure 3) with an R' of 0.951 (Table 1).

This model is a Gaussian Cumulative Re-
sponse curve (GCR) and is part of the same
family of equations as the logistic model
presented in Gallipeau (1992) presumably
based on the sarne visitation data. However, it
uses a longer time series (1919-l992instead of
195F1991) and predicts lower visitation by
2005 (4.9 million vs. about 6.3 million) than
Gallipeau's rnodel. Although the GCR model
fits the greater portion of the data (1919-1982)

quite well, it reaches an inflection point at or ?

around 1982 and begins to level off. The park

o Visilation

95"/o Gonf idence Intervals

Ln Visits = - 101.768016 + 0.058929'Year

R2 = 0.905206

l, 
."

i,.-''z--'.."''L.--"

1915 1920 1925 1930 1935 1940 1945 t950 1955 19601965 1970 1975 1980 1985 1990 19952000200s

Year

Figuirc L Gnnd Canyon Natiotul Park, total oisitatbn sine 7979 wilh lorrrets to 20(8. Etponetiinl rcgrasion fit.

co
a-*.
(tt

=a

et'

etu

ett

et'

et'

et2

ett

eto



Forecoslfng Vbllstlon ol Grond Conyon Nolionol Psk

Table 1. Regression statistics associated with several different models relating changes in Grand
Canyon Visitation over tinre. Totalpark visitation figures are frcm 1919 - 1992. North and South
Rim figures are fnrm 7955-1992. Rz is Ore cnefficient of determination for the regression. F is
Fishers F statistic along with its probabitity level , p. S.E...,is the standard emor of the estimate.
An asbrisk after the Durban - Wabon Statistic (d) indicaes that there is a significant level of
autocorrelation within the time series.

Dete Sct - Regrccclon Modcl N Regrcrclon Modcl Equdlol S.8.61jr

Toal Park - Polynomial,2 ord. 71

Toal Park - C'auscian Cumul . 74

Total Park - Llnear 74

Toal Park - Exponential 74

North Rim - Pollmomial,2 ord. 3E

North Rim - Linear 38

North Rim - Exponential 3E

South Rim - Polynomial,2 ord. 3E

South Rim - Linear 38

South Rim - Exponendal 38

Y -2.97581689 -g.W7t75E6.X + S5.t876't' 0.962

Y - 48635 S26lt I l0+erf(fi-l$2. 5l 

^24s27.5))) 
0.951

l--1.055t55E8+5{561.638{01'X 0.891

LnY--101.768016+0.058fr19X 0.905

f r - 6.989n285 - 5e1.76E591{ +LJfffI'l7|f 0571

Y - -15{C/122W +7944ff2865'X 0571

LnY -47.129U1E+0.03018{'X 0.690

Y - 1.7315889 - 1.82{682E5.X + {S5l3l3'f 0.895

Y - -l398ll5E8 + 7lS.0327lTX 0.891

LnY--59.tA7572+0.09451oX 0.D9

<0.0m01 2{51d1.578 0.717

<0.0m0r 2fi5r6.V/ I NA

<0.0m01 {13,15{.475 0.262'

<0.0m01 0.12948 0.{lr
<0.0m01 78,652.95 0.688!

<0.0m01 n5$.265 0.688p

<0.0m01 0.2un 0.67t'

<0.0m01 292,242.!s3 a7n2'

<0.00001 283,401.587 0.251'

<0.00001 0.1{1317 0594'

9m.$3

5nsil
5n.767

68'5{r
23ffi
t7.9*
80.1#l

l{8.812

294.r{3

3n.%7

' Data not available

Table 2. Summaly of visitation forecasts (Y-est265 for the Year 20(L5 and their confidence limits
(if applicable) produced by a number of regression models (Table l) and Holfs exponential
srnoothing.

95% Confidence Intewals 
t

Data Set - Forecasting Model
Y-est2so5 Lower Upper

Total Park - Polynomial,2 ord.
Total Park - Gaussian Cumulative
Total Park - Linear
Total Park - E*ponential
Total Park - Holfs Exponential Smoothing

North Rim - Polynomial,2 ord.
North Rim - Linear

North Rim - Exponentiat

North Rim - Holfs Exponential Smoothing

South Rim - Polynomial,2ord.
South Rim - Linear
South Rim - Exponential

South Rim - Holfs Exponential Smoothing

t 
Notu that confi-dence limits as well as the Y-estimate for exponential models have been expo"

pentiated {e.g., eY*tt) to maintain an equivalent scale of reference'
' Upper andlower 95% confidence limits estimated from graphical outPut, actual values were
not generahd by the program.

5,558,Offi

4Br7p%
4,Mtp35

13,054"311

7,243A67

526,Llfi
524,268

653p6r.

745,9e3

4,noptg
4^350881

6,210p53

5,ffiX56

5355,727

4.05E+ 6 2

3,818814

10,248ffi
NA

w,794
446,664

524J24

NA
387537'
4W3e4
5"391,158

NA

5,97928F,

5.78E+6

4"303,155

t5,528F06,

NA
747F22

ffir872
920,739

NA
sffifi62
4,6yF67
7,1533%

NA
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Grand Canyon TotalVisitation (1919-1992) With Proiections to 2005

Fitted Equation: y=3a!,9.5( 1 +erl((x'c)(20 5d)))

12=0.961 1 68552 DF Adi F=0.95891 7454 FitstdEr=250516.07t Fetat=577.554209

a=.d8634.995 b=6261 | 1 1.2

c=l 982.5067 d=27'524337

6e+06

5.5e+06

5e+06

4.5e+06

4e+06

3.5e+06

3e+06

2.5e+06

2e+06

1.5e+06

1 e+06

500000

0
1915 1 95s

YEAR
1 975 1 995

Flgwe 3. Gmul Cnryon Natiotlrll Pnk, total viqilation sine 7979 wllh lotruats ,o 2006. . nE ftld ndel b a h&tian
atmuldive tryns curn. Tlu tw pairc ol ihttd lina aptoinahly prelblling tfu atinutc (slil line) ate tle uryr
arul lmn 95% anfdene inttuls, rcFaiveV Qandcl Sc{entiftc lg0.
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expects to surpass 5 million visitors in 1993,
considerably earlier than the model predicts.
On the other hand, the upper 957o prediction
limit approaches the 6.3 million fiste pre-
dicted by Gallipeau (1992) who does not
indicate his lower confidence or prdiction
limits (only the upper). On examination of the
upper limit given by Gallipeau, it is clear that
some overlap htween the two models (upper
limit of this study vs. lower limit of Galli-
peau's) occurs. The significanc€ of the overlap,
unforhrnately, cannot be ascertained.

Holfs model (Figure 4), which predicts
that visitation will exceed 7 million visitors by
2005, provides intermediate forecast values,
which are closer to those provided by the
polynomial model. Unforhrnatel y, error
estimation from Holfs and other mdels
based on exponential smoothirg is limited to
the original series itself. Confidence limits
cannot be assessed for the forecasts derived

from exponential smoothi.g. Nevertheless, a
reasonable management strategy for GRCA
should take into account the probability that
approximately G7 million visitors park-wide
can be expected by 2005, a2.5-3To growth rate.

Nodh Rhvfsilqtfon
The 195G1992North Rim data (including

Tuweep, Grand Wash, and L"ees Ferry) ane

mone "nois/' (e.8., have greater variations)
than the total visitation data set. However,
they were treated in a similar rnnner. The
best fit of the rElression models is provided
by * exponentiil one G2 = 0.590) irigure 5).
By the year 2005, 653,(n0 visitors are pre
dicted. The linear and pol)mgmial rrpdels fit
the data equally well with R' values of A.571
in both cases Oables 1 and 2). The latter two
models give mone conservative forecasts of
approximately 524,fl)0 and 526,(n0 visitors
respectively by the year 2005. As might be
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Flgute4. Foreastsof GmnilCanyonNatbnalPa*visitationto20$.Holts'smdhoilolexpnmtialnaothing.

expectd, the 95To confidence band is nar-
nower for the linear model than either the
potynomial or the exponential one (Table 2).
Results from the application of Holfs model
were rmre liberal. Fitting to transition equa-
tions did not yield reasonable results. All
things remaining equal, approximately
740,W visitors are predicted to descend on
the North Rim of the Grand C-anyon by 2005
(Figure 5).

Sorilh Rlm Vhflciliorl
South Rim visitation is increasing at a

faster rate than North Rim visitation over the
sanre time period: 195&1992 (Figure 6), Like
the North Rim, South Rim visia-tion since 1955
is best fit by an exponential model with R2 =
0.899 (Figure D. P;lynomial and linear models
are almost equivalent in terms of goodness of
fit as defined by R' values of 0.895 and 0.891,
respectively. It seems that growth in visitation
since 1955 has been closer to exponential even
though overall growth since 1919 approaches
that defined by 

" 
second order polynomial.

Note that the linear model for the South Rim

data alone predicts a higher level of visitation
for the year 2005 than the same model for total
park visitation since 1919. Once again, the
linear model gives the more conservative
estimate of visitation (4.4 million) , as well as

the narrower confidence bands , for the year
2005 whereas the polynomial and exponential
models forecast 4.8 and 6.2 million, respec-
tively. Holfs exponentid smoothing model
predicb 5.9 million visitors by 2005 (Figure 7),
an inbrmediate vdue, but one which is closer
to the exponential regression model than the
others ffable 2). As for the North Rim data set,
fitting to transition equations was not fmitful.

Seoeoncil Mrdtlpscsfive Ettects - Winle/s
ModelmdAR|MA

Forecasts for 24 months, resulting from
application of Winter's model to 198G1992
GRCA seasonal data as well as level, trend,
and multiplicative seasonal smoothing values
(4, F, T), are presented in Figure 8. Resulb
from ARIMA are shown in Figure 9. Forecasts

from Wintey's model are also found in Table 3

where they are comPared with results from an

o Visihtion

- 
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ARIMA model whose sunururry is found in
Table 4. All of the ARIMA pararneterc are
sigruficant to at least the p<0.05 level. Note
that only the ARIMA model is capable of
generating confidence intervals since it alone
is based on an autoregression. Forecasb from
bottr the Winte/s and ARIMA models are
similar within an order of magnitude. The
former fall within the 95% confidence inter-
vals of the latter except during the late spring
and sununer months (May-August). Wintey's
model is more liberal in its forecasts than
ARIMA for this perid of time.

In comparison with achral visitation
obtained for the first 7 months of l993,both
models overestimated fanuary and February
visitatior, but the actual visitation was within
the 957o confidence limib glven by the
ARIMA. Both |une and luly actual visitation
was oubide the upper 95To confidence limits
for the ARIMA model but was within an order
of magnitude of the forecasts generated by the
Winterfs model (exponential srnoothitg does
not provide confidence intervals). The latter
overestimated |une's visitation by 55,000 (an
8.57o difference) and underestimated |uly's by

32,000 (a -3.97o differenc€). It would appear
that the simpler Winter's model gives rnore
neasonable proFctions based on my initial
comparisons.

thete is a veqy strong seasonality in the
past 12years of GRCA visitatior, with a
superimposd increasing trend. |anuary and
December receive the lowest visitatior, Iuly
and August the highest. Visitation during all
months of the year is generally increasing.
Although more visitors are impingng on park
resources during non-sununer months (off-
season), visitation is also increasing during the
sumnrer. Overall, the past pattern of stnong
seasonality has been persistent and is fore-
casted into the imrrrediate future. There
appears to be no developnrent of a "shoulder-
seagon" effect, i.e., an increasing relative
density of visitors during the spring and fall
months immediately adjacent to the summer
season which would tend to broaden out the
visitation peaks. The implication for park
rnanagement is that relative allocation of
resources toward visibr management should
remain geared toward sharP suruner peaks
and winter troughs into the immediate future.
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Table 3. Forccast resulb from the application of Winter/s Exponential Smoothing Model and
ARIMA b lg$Ulggzseasonal visitation data for Grand Canyon National Park.

Forecasts: ARIMA

Year and Month
95Vo Confidence

IntervalForecasts:
Winte/s
Model

Forecast Lower Upper
Actual

1993 fanuary
February
March
April
M"y
Iune
Iuly
August
September
October
November
December

1994 Ianuary
February
March
April
M"y
]une
Iuly
August
September
October
November
December

142,114
148^835

267,826
340"333
582543
7088e3
nepsr
736,283
499,697
359,055
2r3A3r
r55A69
150,902
157893
2U,219
351,058
617 E3e
751,629
825^813
780,229
s29374
380,275
225,993
164F68

Til,737
r59Ae}
213,037
330,121
424329
szeE38
65s846
6U,026
452F74
3nffir
218,054
r47344
164,642
165,W7
237 g3e

353,084
u3p29
silA73
683A22
67,914
478p&s
37452r
227F79
163,78

6r.A63
6eF86

r2rp75
238,237
33t,857
436p46
572,753
550,618
359"011

28/,N7
r243W
53"532

58Are
59,259

130"561

zssAeO
336,[B
446Aer
57s323
559,730
370,141
265,2y
119,261
55,367

2:A3,012

249399
3M,099
422,m5
516,300
622,729
759,t38.,
737Av
546,t37
47rpss
3It^8ffi
24t,t55
27A,865
272934
3l'5,ll7
47A,677
s51 S4e
$2Aso
7erF22
n6,w7
586,628
482^808

335pe7
272,M8

99,171
105590
293,719
353,987

500,258
653,211
810^875
,:,

.

:

:

:

Table 4. Sumrnary of fitted ARIMA model for Grand Canyon National Park seasonal visitation
data (198G1992).

Parametert Estimate Standard
Error

Non-Seasonal Autoregression ( I )

Seasonal Autoregression (1 2)

Non-seasonal MovingAverage( 1 )
Mean
Constant

0.84810

4.46710
0.6492

11465.M244

2555.04584

0.11852

0.07968

0.15368

5517.930fJ,5

7.15607

-5.86218

4.00132

2.07786

0.(xxx)O

0.00000

0.00010

0.03955

t 
Mod"l fitted to seasonal differences of order 1 with seasonal length = 12. Estimated white noise

variance = 1.9925EE9 with 140 degrees of freedom. Estimated white noise standard etror = 44639.4. Chi-
sguarc test statistic on first 20 resiclual autocorrelations = 12,9?i/7 with a probability of a larger value given
white noise of 0.7 41477, No backcasting was done.
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Gallipeau (1992') does not evaluate his
data seasonally, so comparisons are not
possible in this regard. However, his total
annual visitation prclection for the year 2005
(period 1955-1992, reveals a visitation of
approximately 6.3 million (as read from
gtraphs on pages 31 and 32 of his report).
Approximately one-third of the visitors ane

expected to be foreign. Foreign visitation (not
considered in this report) is shown to increase
steadily over the period considered and at a
rate that exceeds dornestic. The 6.3 million

figure falls betnreen time series forecasts based
on a second order polynomial and Holfs
exponential smoothing Oable 2) but is reason-
ably within an order of magnitude. Gallipeau
(1992') expects that the North Rim of the Grand
Canyon will attract proportionately fewer
foreign visitors than the South Rim (he does
not report exactly why except perhaps that the
North Rim is less accessible and less publi-
cized). Since foreign visitors are increasing
fasEr than dometic, he concludes that the
North Rim proper will have 5(Bp00 visitors in
2010 ard lose about lTo of tt e patks total
visitation relative to the South Rirn.

Conclusbrts

There is no doubt that visitation to GRCA
is increasing. The important questions are the
following: What form does the secular trend
take? What is the rate of incrcase? Are pat-
terns of visitation changin& especially on a
seasonal basis? Finally,how should manage-
ment take advantage of this forecasting tool?

TIre secular hend in btal park visitation
since l9l9 apprcaches a second order polyrn-
mial according to best fit regression technique.
But since 1955 the cune has been closer to
exponential in growth with an unexplairred,
non-seasonal cyclical variation present in dre
long-term data. The overall growth rate of
visitor numbers has been close to 2.5€To pr
year. If economic and social conditions rcmain
relatively unchangd over the next 13 years
and the Park Service does not impose restric-
tions on visitation, neasonable forecasts to 2005
show that GRCA rnay have b deal with total
visitation on the order oI7 million persons per
year. Approximately 6.M.3 million of these
will impinge on the mone developed South
Rim, the remainder on the mone undeveloped
North Rim. My estimates for North Rim
visitation arle more liberal than Gallipeau's,
but in my case, the North Rim data include
contributions from l.ees Ferqy, Grand Wash,
and Tuweep. Allowing for this differerc€,
time series analysis and market analysis
predictions appear to be comparable.

Visitation from 1980 to 1992 has been
strongly seasonal with surruner peaks, more
like spikes, and winter houghs. There is no
evidence based on these past patterns that
relative changes in seasonal patterns, i.e., the
growing relative importance of a shoulder

season, is ocrurring. Problems exist in the data
set due to GRCA's changlng of the persons per
vehicle multiplier. Past visitation records may
have been inflated in comparison to the last
two years'.

Assuming that resourc€s are available, a
market analysis is probably the method of
choice in forecasting park visitation. In part,
this is because such an analysis can reveal the
nature of the visitation in addition to provid-
ing proiections of numbers of visitors. Such an
analysis can provide valuable insights into
providing for foreign visitors in terms of
multili"glr"l publications, bilingual or multi-
lingual interpretive staff, and other visitor
needs, both foreign and domestic. However,
in the absence of extensive marketing data, or
where breakdown into markets is not relevant,
time series analysis, used judiciously, is a
viable alternative. In terms of resources
preervation and protection, a knowledge of
potential markeb may be sonrewhat superflu-
ous; it makes little difference to park resources
whether human impacb are due to foreigFr or
domestic visitors. Market analysis results
which are used to develop ways of informing
different market groups about park purposes
and values is an exception. An example is the
enhanced development and funding of foreign
language brochures which interpret the Park
Service's conservation mission in response to
predictions of greater proportions of foreign
tourisb. This kind of management response to
a market analysis is more desirable, in terrns
of addressing conservation of park PurPoses
and values, than using these data to plan
additional visitor services infrastmcture.

l2
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Monogernenl Recommendqfions

(1) The National Park Service should
consider setting a 'tarrying capacitS/' for
visitation to the Grand Canyon, especially the
South Rim. Even if park visitation begins to
level off just after the year 2000 (Gallipeau
1992'), almost 7 million people are expected to
enter the park and irnpact physical, biological,
and infrastructural resourc€s by the year 2010
and possibly as early as 20&5. Such a carrying
capacity should ideally be determined by
obiective, interd iscipl ir.ary research based on
the sodoloW of crowding (e.g., Shelby 19t76);

the economics and cost/benefit of providing
visitor services, as well as infrastrucfural
development and maintenanc€; and, most
importantly, the resilience of the biological,
cultural, and physical resources of the Grand
Canyon.

(2) The park should decide on a statisti-
cally sound and acceptable method of
determining visi tati on mu I ti pli ers, preferably
through the effort of an obiective third pafly,
as a means of estimating visitors from vehicle

counb. If park management continues to
change ib estirnating methods over a period
of time, the long-term integnty and usefulness
of the data set as a forccasting and monitoring
device will be compromised.

(3) On a park-wide basis, park numage-
ment should continue, at least in the short
term, to allocate resouroes based on strong
seasoryllity of visitation as no increasing
relative importance of "shoulder seasons"
visitation can be identified and coroborated.

(4) Due b the increasing relative i*Pot-
tance of foreign visitation reported by GdliPeau
(l992l,the park should plan b allocate addi-
tional rcsources for the Pr€Paration and produc-
tion of information transfer devices. Such
devices (e.g., pamphlets, interpretive displays,
nradside exhibits) should be available in the
principal foreign languages. These materials
should also be increasingly oriented toward
resources rnanagement and protection, as well
as explaining the mission of the National Park
Service with park PurPoses and values.
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